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Background
I submitted to AFOSR a four-year proposal of theoretical research on matter of high energy and material density in January 2005. The proposal was initially approved for funding for one year with an option for an extension for a second year. This option has been granted. Then I was invited to submit a new two year proposal covering the same general topics. The following report is the final performance report for the new, two-year grant.
The subjects of the four-year proposal of 2005 were special aspects that are due to high material density. These are repeated herein:
• The characterization of 'pressure' and the equation of state of systems in extreme disequilibrium with strong internal forces. We refer to our new proposal on the coupling of chemistry and hypersonic flight for more details. We further believe that the brand new computational methodology that we discuss therein will allow us to make further and significant progress.
• The role of a hot and dense environment in activating/deactivating polyatomic species We have detailed results for water molecules. Publication has been delayed by experiments seeking to match the theory. This is now completed and ready for publication. Some theoretical results are summarized in an appendix.
• The electronic excitation that results from close-in collisions
We report below that it should be possible to steer electronic motion and to thereby control the forces on the nuclei. Several papers have already been published.
We have what we consider promising preliminary work on electronic excitation and this work has already generated offers from several leading experimental groups for work on the experimental manifestations. There are reasons for suggesting that this work could have wide implications all the way to bioelectronic functionalities.
The original four-year proposal has a detailed discussion of the four points including references etc. The work of the first two years was covered in the previous final report.
So the discussion below puts the emphasis on the pure electron dynamics because our very recent work led to some worthwhile progress. • It is nowadays well understood that this is an approximation that will fail at a, so called, conical intersection [5] [6] [7] . Even then, the failure requires the nuclei to move and the time scale remains that of the motion of the nuclei.
Steered Ultrafast Quantum Dynamics of Electrons
In the past year we have focused on a particular molecule, LiH, for which exact numerical computations can be performed even when including both the pump and the probe pulses. In the coming year we propose to further develop this approach to pumpprobe with special reference to the new experimental capabilities at the MPQ and with special reference to the progress in the junior research groups of Reinhard Kienberger, Matthias Lezius and Jens Rauschenberger where ultrashort pulses with photon energy in the 5-10 eV range are being produced. We are in close attention with these developments.
Several papers reporting on this new direction have already been published as is reported in below.
Interactions/Transitions:
The work carried out under the auspices of this proposal has been reported at conferences and seminars, most recently as an invited talk to be presented After not many collisions the hot and dense cluster shatters. In the 2005 proposal we drew special attention to water clusters. The work of the past year emphasized this subject. The work is currently being prepared for publication in cooperation with the two experimental groups.
Initially, the comparison between experiment and theory was rather frustrating. It was then realized that unlike van der Waals clusters, impact of water clusters leave a significant deposit of water on the surface. Therefore the theory has to take into account that the cluster collides with a water covered surface. This was not quite simple and took quite some time but once it was implemented the agreement between the theory and experiment is much better. The theory that we report on below is based on the maximum entropy formalism that has been extensively applied before to cluster impact. In view of its success we plan to report next year on classical trajectory simulations of the same system. Zero is the energy where the cluster is fully fragmented into water molecules at rest. The transition is from a solvated to a bare H 3 o+ ion!
